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ABSTRACT 
A number of essential oils derived from plants are claimed to have several medicinal func-
tions, including anti-cancer and anti-inflammation effects. However, the chemical composi-
tion and biological activities of flower-derived components have not been sufficiently charac-
terized. Therefore, we investigated the composition of essential oils from Hallabong flower 
[(Citrus unshiu Marcov × Citrus sinensis Osbeck) × Citrus reticulata Blanco] and their anti-
inflammatory effects. Hydro-distilled essential oils (HEOs) were analyzed using gas chroma-
tography–mass spectrometry (GC–MS). In total, 21 components were identified, representing 
more than 98 % of the oils, with sabinene (34.75 %), linalool (14.77 %), β-ocimene 
(11.07 %), 4-terpineol (9.63 %), L-limonene (5.88 %), and γ-terpinene (4.67 %) as the main 
components. In the present study, we also investigated the anti-inflammatory effects of HEOs 
on lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophage cells. HEOs were found to 
inhibit nitric oxide (NO) and prostaglandin E2 (PGE2) production and to suppress the LPS-
induced expression of cyclooxygenase-2 (COX-2) protein. In addition, HEOs downregulated 
the production of the inflammatory cytokines, tumor necrosis factor (TNF)-α, interleukin 
(IL)-6, and IL-1β (IC50 values are 0.05 %, 0.02 %, and 0.01 %, respectively). On the basis of these 
results, we suggest that HEOs can be considered potential anti-inflammatory candidates for 
therapeutic use in humans. 
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INTRODUCTION 
Essential oils are volatile, natural, com-
plex mixtures comprising many unique 
compounds, primarily monoterpenes, ses-
quiterpenes, and their corresponding oxy-
genated derivatives. These compounds are 
secondary metabolites of aromatic plants 
and are characterized by strong scents and 
flavors (Bajpai et al., 2012, 2013). Each of 
these compounds contributes to the benefi-
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cial or adverse effects of essential oils. 
Therefore, an understanding of the compo-
sition of an essential oil enables improved 
and focused applications (Dorman and 
Deans, 2000; Haddouchi et al., 2013). Es-
sential oils extracted from several plant or-
gans, including buds, flowers, leaves, 
stems, twigs, seeds, fruits, roots, wood, or 
bark, are valuable natural products and are 
used as raw materials for many products, 
including food flavorings, feed additives, 
flavoring agents used in the cigarette indus-
try, and in the compounding of cosmetics 
and perfumes. Furthermore, essential oils 
have become an integral part of everyday 
life. They are used in air fresheners and de-
odorizers as well as in all branches of med-
icines such as pharmacy, balneology, mas-
sage, and homeopathy. Additionally, essen-
tial oils are good natural sources of sub-
stances with commercial potential, and are 
used as starting materials for chemical syn-
theses (Baser and Buchbauer, 2010; Teixei-
ra et al., 2013). This importance has recent-
ly attracted the attention of many scientists 
and encouraged them to screen plants to 
study the biological activities of their oils 
and their application to chemical and phar-
macological investigations, as well as ther-
apeutic applications. Indeed, some essential 
oils appear to exhibit unique medicinal 
properties that have been claimed to cure 
some organ dysfunctions or systemic disor-
ders (Gomes et al., 2013). Furthermore, the 
use of essential oils is becoming popular as 
therapeutic treatments for diseases, such as 
non-steroidal anti-inflammatory drugs 
(NSAIDs) and natural preservatives, since 
consumers are more conscious about the 
health problems caused by several synthetic 
agents (Gómez-Estaca et al., 2010; Teixeira 
et al., 2013). Synthetic agents that are add-
ed to food and cosmetic items are consid-
ered to be devoid of potential adverse ef-
fects, and are classified as safe for human 
use. However, there have been problems 
concerning the safety of some chemicals, 
including the possibility of allergic reac-
tions in humans and carcinogenicity ob-
served in rodents after administration of 
steroids (Teixeira et al., 2013). Therefore, 
natural substances isolated from plants (for 
example, essential oils) are considered to be 
promising sources of compounds with 
health benefits in humans (Djabou et al., 
2013). It is anticipated that characterization 
of these compounds will reveal new infor-
mation about the applications of plant-
based compounds and a new perspective on 
the potential use of these natural products 
(Tang et al., 2013). For this reason, many 
recent studies have explored the chemical 
composition and biological activities of es-
sential oils. In particular, essential oils de-
rived from Citrus species are of medicinal 
and commercial importance, and are used in 
preservatives. 
Citrus is a genus of flowering plants in 
the Rutaceae family, and its fruits are im-
portant owing to their nutritional and indus-
trial applications. The genus consists of 
about 1,000 species, all of which produce a 
characteristic and distinct flavor used in 
foods, perfumery, and cosmetics. Accord-
ing to the Dongui Bogam, a book of tradi-
tional Korean medicine and one of the clas-
sics of oriental medicine today whose name 
literally means “Mirror of Eastern Medi-
cine,” citrus fruits, in particular, have been 
used for the treatment of gastroenteric mal-
adies, asthma, and loss of appetite. The 
most abundant volatile compound in the 
peel of citrus fruits, including those of the 
species Citrus unshiu, C. sunki, C. obo-
voidea, C. natsudaidai, and Fortunella ja-
ponica var. margarita, is limonene, a mono-
terpene hydrocarbon (Baik et al., 2008; 
Kim et al., 2008; Yang et al., 2010). How-
ever, little information is available on the 
volatile composition and biological poten-
tial of the flowers of citrus species. Hal-
labong [(C. unshiu Marcov × C. sinensis 
Osbeck) × C. reticulata Blanco] is a new 
hybrid citrus crop on Jeju Island and has 
been regarded as a citrus fruit with potential 
commercial value because it is attractive 
and has a good taste and a sweet aroma 
(Choi, 2003).  
This variety was developed in Japan in 
1972 and then introduced on Jeju Island, 
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Republic of Korea. The variety was named 
‘Hallabong’ after Hallasan Mountain locat-
ed on Jeju Island, its primary region of 
growth since 1998 (Han et al., 2010). 
Previous studies reported that essential 
oils of Citrus species have many pharmaco-
logic activities including anti-inflammatory, 
antioxidant, anti-obesity, and anti-allergic 
properties (Asnaashari et al., 2010; Han et 
al., 2010; Yang et al., 2010; Ellouze et al., 
2012; Graziano et al., 2012). However, the 
chemical composition and biological activi-
ties of these essential oils, such as anti-
inflammatory effects of the essential oils 
derived from the flower parts, have not 
been described. Therefore, in this study, the 
essential oils of C. hallabong flower (HE-
Os), native to Jeju Island, Korea, were in-
vestigated for their chemical composition 
and anti-inflammatory activity. To the best 
of our knowledge, we are the first to report 
that HEOs show anti-inflammatory activity. 
 
MATERIALS AND METHODS 
Isolation of essential oil 
Hallabong flowers were collected from 
Hallim (a region in the western part of Jeju 
Island, Korea) in August 2011. Essential 
oils were extracted from the flowers ac-
cording to the method described by Yoon et 
al. (2010), with minor modifications. Brief-
ly, the dried Hallabong flowers (1.2 kg) 
were ground and hydro-distilled for 6 h by 
using a modified Clevenger-type apparatus. 
The essential oil obtained on the top of the 
aqueous distillate was separated and dried 
over anhydrous sodium sulfate. The oil ob-
tained was stored in a hermetically sealed 
glass ampoule at 4 °C until further analysis. 
The essential oil yield (0.034 %) was calcu-
lated on the basis of the volume of oil col-
lected and the weight of fresh Hallabong 
flowers. 
 
Gas chromatography-mass spectrometry 
analysis 
Gas chromatography-mass spectrometry 
(GC-MS) analysis of the volatile compo-
nents of HEOs were carried out using an 
Agilent 7890A gas chromatograph (Agilent 
Technologies, Palo Alto, CA) with DB-17 
(30 m × 0.25 mm × 0.25 μm film thickness) 
equipped with a 5975C inert XL MSD (Ag-
ilent Technologies, Palo Alto, CA). Elec-
tron-impact ionization of mass spectrome-
try was performed at 70 eV. The HEOs 
were dissolved in n-hexane and injected 
into the column. The temperature was first 
set at 40 °C (5 min) and increased to 230 °C 
(5 min) at a rate of 5 °C/min. The carrier 
gas was helium, and it was used at a flow 
rate of 1.5 mL/min. The HEO compounds 
were identified by comparing their retention 
times and mass spectra with those of stand-
ards, the Wiley 2001 library data of the 
GC–MS system, and previously published 
data (Adams, 2001). Alkanes (C8–C22) were 
used as reference points in the calculation 
of relative retention indices. 
 
Cell culture 
The murine RAW 264.7 macrophage 
cell line was obtained from the Korean Cell 
Line Bank (Seoul, Korea) and cultured in 
Dulbecco’s modified Eagle’s medium 
(DMEM; GIBCO Inc, NY, USA) supple-
mented with 10 % fetal bovine serum (FBS; 
GIBCO Inc, NY, USA), penicillin 
(100 units/mL), and streptomycin 
(100 μg/mL) at 37 °C under 5 % CO2 in a 
humidified incubator. The cells were sub-
cultured every 2 to 3 d at 1:5 split ratios. 
 
Lactate dehydrogenase assay for cell  
viability  
Cell viability was determined by the 
lactate dehydrogenase (LDH) activity, by 
measuring the production of NADH during 
the conversion of lactate to pyruvate. LDH 
activity was determined using an LDH cy-
totoxicity detection kit (Promega, Madison, 
WI, USA). Briefly, the murine RAW 264.7 
macrophage cells were cultured in 96-well 
plates for 18 h, followed by treatment with 
1 μg/mL of LPS in the presence of various 
concentrations of HEOs. The reaction mix-
ture of the cytotoxicity detection kit was 
mixed and incubated with an equal volume 
of a cell-free culture medium at room tem-
perature for 30 min in the dark. Then, 1/2 
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volume of 1N HCl was added to each sam-
ple to stop the enzymatic reaction. The op-
tical density of the reaction mixture was 
then measured by using an enzyme-linked 
immunosorbent assay (ELISA) and a plate 
reader (PowerWave X340, Bio-tech In-
struments, Inc., Vermont, USA) at 490 nm. 
The percentage of cytotoxicity was deter-
mined relative to that in the control group. 
 
Quantification of nitrite production using 
the Griess assay 
Nitric oxide (NO) production was 
measured based on nitrite accumulation in 
the culture medium, by a colorimetric reac-
tion with the Griess reagent. Briefly, mu-
rine RAW 264.7 macrophage cells (5 × 105 
cells/mL) were pre-incubated for 18 h and 
then treated with 1 μg/mL of LPS plus 
varying concentrations of HEOs for 24 h. 
Following incubation, 100 μL of culture 
supernatants were mixed with an equal vol-
ume of Griess reagent (1 % sulfanilamide 
and 0.1 % N-[1-naphthyl]-ethylenediamine 
dihydrochloride in 5 % phosphoric acid) 
and incubated for 10 min in the dark. Nitrite 
concentration was determined using ELISA 
by measuring the absorbance at 540 nm 
with a plate reader (PowerWave X340, Bio-
tech Instruments). NaNO2 was used to gen-
erate a standard curve. All measurements 
were performed in triplicate and expressed 
as micromolar concentrations of NO. 
 
Measurement of prostaglandin E2 and  
cytokines  
The amount of prostaglandin E2 (PGE2), 
tumor necrosis factor (TNF)-α, interleukin 
(IL)-1β, and IL-6 produced by mouse mac-
rophages was measured in RAW 264.7 cell 
culture supernatant. RAW 264.7 cells were 
plated at a density of 1.0 × 106 cells/well in 
a 48-well cell culture plate with 500 μL of 
culture medium and incubated for 18 h. The 
cells were then treated with a specified con-
centration of HEOs plus 1 μg/mL of LPS 
and incubated for an additional 24 h. The 
production of PGE2, TNF-α, IL-1β, and IL-
6 was measured using ELISA and a plate 
reader (PowerWave X340, Bio-tech In-
struments) according to the manufacturer’s 
instructions. 
 
Western blot analysis 
Whole cell lysates were extracted using 
PRO-PREP Protein Extraction Solution 
(iNtRON Biotechnology, Seongnam-Si, 
Korea) according to the manufacturer’s in-
structions. Thirty micrograms of protein 
from each sample was separated using 10 % 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE). The separat-
ed proteins were electro-transferred onto 
polyvinylidene fluoride (PVDF) membrane 
(BIO-RAD, HC, USA). Next, the mem-
brane was incubated for 24 h with TTBS 
(25 mM Tris–HCl, 150 mM NaCl, and 
0.2 % Tween-20) containing 5 % non-fat 
dry milk, and then probed with COX-2 an-
tibody at room temperature for 1 h. The 
membrane was washed 3 times with TTBS 
and incubated for 30 min with a secondary 
horseradish peroxidase (HRP)-conjugated 
antibody at room temperature. Finally, im-
munoreactive bands were detected by incu-
bating the samples with HRP-conjugated 
secondary antibodies and visualized using 
WEST-ZOL plus Western Blot Detection 
System (iNtRON Biotechnology). 
 
Statistical analysis 
All data are expressed as the means ± 
S.D. Significant differences between the 
groups were determined using the Student’s 
t-test. P-values of less than 0.05 were con-
sidered statistically significant. 
 
RESULTS AND DISCUSSION 
Currently, there are several concerns 
about the impact of synthetic compounds 
used as therapeutic agents on the environ-
ment and human health. For this reason, 
eco-friendly essential oils that are highly 
efficacious may provide potential alterna-
tives to the synthetic agents used, because 
these essential oils are rich in bioactive 
chemicals and are commonly used as fra-
grances and flavoring agents in foods and 
beverages. Essential oils generally possess 
two main advantages: they do not pose 
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long-term genotoxic risks, and they prevent 
the development of drug resistance. Moreo-
ver, some essential oils possess potent anti-
inflammatory and anti-mutagenic activities 
that are possibly related to their biological 
activity. Thus, in the future, these essential 
oils and their constituents can be considered 
in clinical practice, for clinical evaluations, 
and as adjuvant therapies (Hyun et al., 
2010). In our on-going screening program 
designed to identify the biological potential 
of essential oils, we investigated the com-
position of HEOs and their anti-
inflammatory effects. The ultimate aim of 
this study was to determine whether HEOs 
inhibit NO production in LPS-stimulated 
macrophages.  
The HEO yield was 0.034 %. Table 1 
shows the general chemical profile, percent 
content, and retention indices of the con-
stituents of HEOs. In total, 21 compounds 
constituting 98.41 % of HEOs were identi-
fied on the basis of their mass spectra, 
which were compared to those in the com-
puter library. Only the volatile constituents 
that matched more than 90 % of the oils 
were characterized. The main constituents 
of HEOs were sabinene (34.75 %), linalool 
(14.77 %), β-ocimene (11.07 %), 4-
terpineol (9.63 %), L-limonene (5.88 %), 
and γ-terpinene (4.67 %). Inflammation, 
characterized by classical symptoms, in-
cluding pain, heat, redness, swelling, and 
loss of function, is a critical aspect of a 
host’s response to infection and injury. It is 
essential for a host’s self-defense against 
harmful stimuli, such as pathogens, dam-
aged cells, or irritants. However, if uncon-
trolled, the inflammatory response can 
prove harmful, contributing to the patho-
genesis of many inflammatory disorders, 
including arthritis, asthma, multiple sclero-
sis, inflammatory bowel disease, and ather-
osclerosis (Kim et al., 2010; Cha et al., 
2013). Inflammatory responses are also in-
volved in the production of a variety of pro-
inflammatory mediators and cytokines in-
cluding NO, PGE2, TNF-α, IL-1β, and IL-6, 
which are regarded as crucial anti-
inflammatory targets (Choi et al., 2010; 
Cha et al., 2013). Therefore, in the present 
study, we investigated HEO-mediated inhi-
bition of LPS-induced production of in-
flammatory mediators and cytokines in 
LPS-activated RAW 264.7 macrophages. 
The effects of HEO concentration (0.01 to 
0.04 %) on cell viability were assessed us-
ing an LDH assay, where no significant 
change in cell viability was observed in re-
sponse to these concentrations (Figure 1). 
Owing to the fact that NO is a major in-
flammatory mediator, we first examined the 
effects of HEOs on NO production in LPS-
activated RAW 264.7 macrophages. To 
quantify NO production, RAW 264.7 cells 
were pre-incubated with HEO for 18 h, af-
ter which they were stimulated with 1 
µg/mL LPS for 24 h. Nitrite levels in the 
culture media were determined. At concen-
trations of 0.01 %, 0.02 %, and 0.04 %, 
HEOs decreased the production of NO in 
LPS-treated macrophages by 24.54 %, 
52.55 %, and 66 %, respectively, compared 
to the NO levels in LPS-treated macro-
phages that were not exposed to HEOs. 
Dexamethasone (20 μM), a NO inhibitor 
and positive control, also markedly reduced 
NO levels in RAW 264.7 macrophages. In 
contrast, NS-398 (20 µM) did not affect NO 
production. We next examined the effects 
of HEOs on PGE2 production and COX-2 
protein expression following LPS stimula-
tion of RAW 264.7 cells. When macro-
phages were stimulated with LPS (1 μg/ 
mL) for 24 h, PGE2 levels increased in the 
culture medium. As shown in Figure 2, 
HEOs suppressed LPS-induced PGE2 pro-
duction in a dose-dependent manner, with 
IC50 values below 0.01 %. As shown in 
Figure 2B, we did not detect COX-2 pro-
teins in unstimulated RAW 264.7 cells. On 
the contrary, a significant increase in the 
level of COX-2 proteins was observed in 
response to LPS stimulation. In addition, 
HEO treatment resulted in dose-dependent 
inhibition of LPS-stimulated COX-2 pro-
tein production. On the other hand, HEOs 
did not affect the expression of β-actin, a 
housekeeping gene. These results were con-
sistent with the inhibitory effects of HEOs 
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on PGE2 production in LPS-stimulated 
RAW 264.7 cells. In general, these results 
suggest that the inhibitory effects of HEOs 
on LPS-stimulated PGE2 production are 
attributable to the suppression of COX-2 
protein expression. 
 
 
Table 1: Chemical composition of the essential oils from Hallabong flower 
aRT bRI Library Area Pct Qual
8.5528 871 alpha-thujene 0.438 94 
8.8389 879 alpha-pinene 2.1573 96 
11.059 939 sabinene 34.7522 97 
11.9688 963 beta-myrcene 3.6942 93 
12.9473 990 alpha-terpinene 2.1128 98 
13.2963 999 p-cymene 1.5562 97 
13.4622 1004 L-limonene 5.8774 98 
13.9772 1020 cis-ocimene 0.3414 97 
14.4006 1032 beta-ocimene 11.0673 98 
14.7153 1042 gamma-terpinene 4.6662 97 
15.03 1051 trans-sabinene hydrate 0.3662 97 
15.8082 1074 alpha-Terpinolene 1.181 98 
16.369 1091 linalool 14.7671 97 
17.6622 1126 p-menth-2-en-1-ol 0.3802 96 
19.2185 1166 4-terpineol 9.6298 98 
19.8193 1182 terpineol 1.3153 91 
29.7126 1415 beta-caryophyllene 0.7728 99 
32.0872 1479 bicyclogermacrene 1.0805 97 
32.4248 1509 alpha-farnesene 1.5267 94 
32.8483 1526 delta-cadinene 0.1759 99 
33.9183 1566 nerolidol 0.5505 94 
aRT: retention time 
bRI: retention indices determined on DB1-HT column 
 
 
 
 
Figure 1: Inhibitory effects of HEOs on nitric oxide production and cell viability in RAW 264.7 
cells. We measured nitric oxide content in the culture medium of cells stimulated with LPS (1 µg/mL) 
for 24 h in the presence of HEOs (0.01, 0.02 or 0.04 %), dexamethasone (20 µM), and NS-398 
(20 µM). Cytotoxicity was determined using the LDH method. Values are the mean ± SEM of three 
independent experiments. *p < 0.05; **p < 0.01 
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A 
B 
Figure 2: Inhibitory effects of HEOs on PGE2 production and COX-2 protein expression in RAW 
264.7 cells. RAW 264.7 cells (1.0 × 106 cells/mL) were pre-incubated for 18 h, and PGE2 production 
determined after stimulation for 24 h with LPS (1 µg/mL) in the presence of HEOs (0.01, 0.02 or 
0.04 %) and A) dexamethasone (20 µM) and NS-398 (20 µM). The concentration of PGE2 in superna-
tants was determined by ELISA. Immunoblotting was used to determine the COX-2 protein levels. 
 
 
To analyze the anti-inflammatory 
mechanism mediated by HEOs, we investi-
gated HEOs’ effects on LPS-induced proin-
flammatory cytokine production, including 
that of TNF-α, IL-1β, and IL-6. Cytokine 
production was quantified using an enzyme 
immunoassay (EIA). It was found that HE-
Os reduced TNF-α, IL-6, and IL-1β produc-
tion in a concentration-dependent manner 
(Figures 3A-C, respectively). These results 
suggest that HEOs exert their anti-
inflammatory effects via inhibition of TNF-
α, IL-1β, and IL-6 production, which has 
important implications for the development 
of therapeutic strategies for chronic in-
flammation. In conclusion, the results of the 
present study provide the first evidence that 
HEOs inhibit LPS-induced NO and PGE2 
production in macrophages. These inhibito-
ry effects of HEOs were found to be associ-
ated with proinflammatory cytokines (TNF-
α, IL-1β, and IL-6), suggesting a possible 
approach for the treatment of inflammatory 
diseases. In future studies, we will investi-
gate the molecular mechanisms underlying 
the anti-inflammatory effect of HEOs, such 
as NF-κB and/or MAPKs signaling path-
ways, and the ability of HEOs to stimulate 
the immune system in an in vivo model sys-
tem. 
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A 
B 
C 
Figure 3: Inhibitory effects of HEOs on TNF-α, IL-1β, and IL-6 production in RAW 264.7 cells. 
Cells (1.5 × 105 cells/mL) were stimulated by LPS (1 µg/mL) for 24 h in the presence of HEOs (0.01, 
0.02, or 0.04 %). Supernatants were collected, and the concentrations of TNF-α, IL-1β, and IL-6 were 
determined by ELISA. Values are the mean ± SEM of three independent experiments. *p < 0.05; **p < 
0.01 
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